less educated individuals had negative perception. Those who spoke negatively, in my opinion, are usually afraid of losing their jobs to machines. Others who were in favor and spoke positively about automation had their concerns as well. They felt automation of spacecraft operations could or would make their jobs boring and less challenging. They were also concerned that the analysts or operators might lose their skills and become less alert if some of their tasks were automated. Both of these reasons, according to the respondents, could
This study was initially undertaken to In order to better understand the result in job dissatisfaction and quitting or moving on to other jobs that provide more challenge. implementations, benefits, and cost savings of automation, a questionnaire was developed and sent out addressing the perception, implementation, approach, cost savings and human factors involved in automation. Of the 160 questionnaires sent out in July of 2000, approximately 45% responses were received by the deadline. Some of the responses came from Flight Operation Teams (FOTs) members who have been on other automated projects and organizations internal and external to NASA. Several responses were also received from the automobile, nuclear, power, and airline 
Perceptions
The survey indicated most employees with Bachelor's degrees and above had positive perceptions of automation, while most older and Majority also felt that taking the human element out of spacecraft operations should be minimized. The reason commonly given on the questionnaire was that automation, even though a good idea on some projects or missions, could have some flight operations risks associated with it. In other words, people might not know what to do when automation fails. In the airline industry, pilots have a high-level situational awareness even when the auto-pilot is activated. This analogy might apply to spacecraft operations in the sense that more tasks should be added to replace repetitive tasks that are being or have been automated. In doing so, job satisfaction could be enhanced while at the same time keeping interest in the job, especially on night shifts when human interaction is less common or non-existence. Among the people surveyed, 65% said they would start looking for new jobs when they realize their tasks were going to be automated.
Some of the positive responses were that automation would reduce work load, free up more time for analysis and contingency training, eliminate repetitive tasks, improve spacecraft monitoring, and most of all, would allow people to learn other things that might help improve their job performance. On a scale of 1 to 5 , automation was given an average of 3.5; but this should not be interpreted as a general approval for automation since the majority of the people who responded to the surveyed had bachelor's or higher degrees. This group tends to support the implementation of automation.
The study brought an important and often overlooked subject to light, and that is employee morale. Employee morale plays a major role in cost reduction and savings. When morale is high, risks (including those related to human beings) are reduced and employee involvement goes on the rise.
According to the survey, employees' direct involvement in any automation project from the onset can help reduce cost. At a power generation plant visited, for instance, employees were asked to anonymously submit a list of areas that they thought needed automation. The feeling that it was not handed down from upper management increased participation and acceptance. This task increased morale, made the employees feel responsible for the success of the automation, and since they were more familiar with the actual work at the plant, they knew areas that might benefit the most automation.
The employees were empowered to make their suggestions heard even though the final decisions rested with management. The anonymous method ensured the elimination of the fear of retribution. It could be argued that, management could use this as a tool for eliminating jobs but the system was quite fair. Employee morale and input should therefore be taken into account when any automation is being considered in space flight operations. Their involvement gives some sense of pride, recognition and participation, which translates to enhanced job satisfaction and high morale.
Implications
The survey showed that while automation may be implemented for various reasons, the common factor was to make repetitive tasks easier and more accurate while reducing cost. The motivating reasons to automate ranged from budget cuts to modernization. According to the responses received from the power industries, automation was incorporated to speed up response times and to reduce "down-times'' for the plants. The airlines, on the other hand, use auto-pilots modes to give their pilots some rest, while the automobile industries use automation to do precision and reliable jobs. No matter the reason, it could be concluded that automation has been very helpful in these industries and for that reason, automation should be considered in all present and future projects in order to improve spacecraft operations. This can be accomplished, as suggested earlier, by involving the flight operations teams in the automation process from the start. jobs when they are home, but automation might make this impossible. Controllers, operators or spacecraft engineers, depending on the project, might be required to carry pagers around the clock seven days a week in order to respond to anomalies that might occur while the spacecraft is flown by automated procedures or programs onboard. Anomaly response time could be significantly affected by automation if "lights-out operations " is part or a result of the automation. Unless anomaly corrective measures are incorporated into the flight software of a spacecraft, this could be very detrimental to its health and safety. In the airline industry, for instance, the luxury of having a pilot override the auto-pilot exists. Automation, according to the survey will help in down sizing, but this was not the goal in the airline industry. This was, regrettably, one of the goals of car makers and Most people do not want to think about their the power industry. 
Tim. ( m o n t h s )
Automation could contribute to some new problems, including "knowledge atrophy", loss of expertise, and attrition. Atrophy usually sets in as people use their knowledge and skills less frequently, and tend to lose some of the knowledge base that had been acquired. The survey revealed that 25% of employees forget the manual method or way of doing things in three months, 35% in six months, and about 40% in a year. The conclusion can be drawn that as the years rise in number so does the level of atrophy. The loss of this knowledge cannot always be reversed, and could become detrimental to the health and safety of a spacecraft that experiences problems that needed manual intervention. In the airline industry, pilots get the opportunity to practice or use their skills when the auto-pilot is disabled but in spacecraft operations that could be a problem. A need would therefore exist to have people occasionally perform automated tasks manually to avoid knowledge atrophy from setting in.
Loss of experienced personnel is another serious problem that automation creates. From the survey, most people would start looking for other jobs as automation is being incorporated or considered. This could lead to experts or knowledgeable individuals leaving the team or project. For knowledge atrophy and personnel loss, a good documentation, knowledge management system and training process should be rigorously employed to minimize the impact. Downsizing can be a problem too, and should only be executed after successful implementation of automation; it should never be done before.
Some of the respondents raised legitimate concerns about the automation of existing systems. Responses from the flight operations teams, power, and the automobile industries, made it clear that automating existing operations sometimes created more problems than they were intended to solve. About 70 percent of those who replied to the survey said they would avoid incorporating automation into an old or existing system if they had a second chance or say in its implementation. Many believed that automation implementation should by large be limited to new projects or systems and all efforts should be made to minimize its incorporation into existing ones. A graphical representation is shown above. Their concerns are well founded, since a major change in any requirement of a system will most likely create or generate known/unknown risks and problems.
Cost Savings
Almost all of the managers who responded said automation reduced operational cost. However, 80 percent said it increased other costs, including software development, installation, equipment, training, and even employee separation benefits. Some concluded that on some of the existing projects, automation cost savings were artificial and only "robbed Peter to pay Paul". A thorough costhenefits analysis should therefore be done before any existing task andor system is automated.
very much encouraged by all. In the spacecraft industry, it costs millions of dollars to place and maintain a spacecraft in orbit. Even though automation might save operations cost, it could jeopardize some missions, so care must be taken as to what really needs to be automated and what must not be automated. One major failure due to automation in some cases could wipe out the cost savings that were accomplished.
Making automation part of new projects was

Human Factors
All the industries that were polled agreed that there was some job loss or re-assignments that can be directly attributed automation. Most of those who lost their jobs to automation were, however, reassigned. According to the survey, 90 percent remained employed within their organizations even though they were not doing what they did before the automation. In the automotive industry, all efforts were made to re-assign displaced workers within other units of their organization. Even though it did not erase the perception entirely, it helped employee morale and drastically reduced the fear of job loss, which is unfortunately sometimes associated with automation.
The survey also tried to determine how employees who have some experience with automation in one form or the other felt about it, before and after it was implemented. According to the survey, based on a rating scale of 1 to 10, employee morale dropped from 9.5 to 6.5 after automation. This was across all industries surveyed, with the exception of the airline industry. For whichever reason, employee morale dropped considerably and this calls for further investigations. One may speculate that job loss, boredom and failure or other problems created by automation may take some blame for the drastic drop in morale. The diagram on the previous page show the correlation between morale, knowledge atrophy and cost.
Training and education should be made an integral part of automation implementation process if a decrease in employee morale is to be minimized. Training of those whose jobs might be affected is highly recommended. Improving the skills of those who will be working with the automated system will not only increase morale, but also enhance performance and satisfaction, according to the responses.
Conclusion
Automation could be used as a cost reduction or system improvement tool but all efforts must be made to ensure the health and safety the spacecraft and the mission as a whole. Automation has saved the automotive industry millions of dollars and it can do the same to the spacecraft industry in this era of budget cuts.
Manual ways of doing things should not be completely discarded. If possible, the various missions should try to develop a system that would enable some of the controllers or operators to perform manual functions on the project periodically. Manual redundancies or overrides should be built into all automated processes. Airplanes have manual redundancies that are used in disengaging the auto-pilot when it malfunctions. Employees should be trained to handle both manual and automation processes just like pilots -who can fly an airplane on auto pilot and manually. Automation on older and/or existing missions should only be encouraged after a thorough risk and costhenefits analysis has been done, recognizing that automation, like all operational changes, involves some risks.
In February 2000, EUVE spacecraft experienced a problem, which could have caused the mission. It was reported that ". . .the controller loaded an old (incorrect) version of the HGA gimbal table, and (2) later that night the on-call engineer did not properly respond to the automated paging alarm from the ground systems that indicated empty-table track mode". This clearly implies that humans beings have a role to play when it comes spacecraft operations no matter how advanced technology might be or highly automated the systems is, so various human factors have to be taken into account when spacecraft operations are being automated.
When the problems and/or issues discussed here are properly understood and resolved, the risks associated with automation can be mitigated. The airline, automotive, and power industries have done it, and so can the spacecraft industry.
